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Coronary artery calcification is reappearing as the subject of
clinical investigation . In the late 1960s, fluoroscopic exami-
nation for coronary artery calcification began with the rec-
ognition that visible calcific deposits implied atherosclerosis
in the coronary artery wall . The calcification could be
detected rapidly and noninvasively (1) . Despite many stud-
ies, the clinical relevance of a positive test was unclear .
Apparent discrepancies between the degree of calcification
and angiographic disease severity led to skepticism about its
clinical usefulness . Coronary fluoroscopy subsequently fell
into disuse when treadmill exercise testing and nuclear
cardiac imaging became available . Although coronary fluo-
roscopy furnished anatomic information about the disease
status of the arterial wall, the exercise tests detected lumen
obstruction and
physiologic effects of obstructive disease .
The clinical utility of detecting coronary calcification was
never directly established, and to this date it remains unre-
solved despite many publications on the subject (2-4) .
The present study. In this issue of the Journal, Detrano et
al. (5) report a prospective study of 1,461 asymptomatic
patients (1,281 men and 180 women; with a mean age of 63
years). This cohort was recruited on a F ,1f-referral basis
from patients answering public advertisements to participate
in coronary screening . The resulting sample was a high risk
group, evidenced by their risk factor profile : 21% were
smokers; 52% were hypertensive by history ; 44% had first-
degree relatives with coronary artery disease ; and the mean
(±SD) total and high density lipoprotein (HDL) cholesterol
levels were 241 ± 49 and 44 ± 14 mgldl, respectively .
Cinefluoroscopy was performed in all patients to detect
coronary artery calcification . Follow-up at I year showed
interesting results: fluoroscopy positive for coronary artery
calcification indicated a risk ratio of 2 .7 for the combined end
points of angina pectoris, death from coronary heart disease,
*Editorials published in Journal of the American College of Cardiology
reflect the views of the authors and do not necessarily represent the views of
JACC or the American College of Cardiology
.
From the Division of Cardit -kscular Diseases and Internal Medicine,
Mayo ayo Graduate School of Medic.
-
o
. Mayo Clinic and Mayo Foundation,
Rochester, Minnesota. This work 6
as supported in part by Grant HL46292
from the National Heart, Lung, and Blood Institute, National Institutes of
Health, Bethesda, Maryland
.
Address for correspondence ; Dr. Robert S
. Schwartz, Division of Car-
diovascular Diseases, Mayo Clinic, Rochester, Minnesota 55t,05 .
91994 by the American College of Cardiology
359
nonfatal myocardial infarction or myocardial revasculariza-
tion. Coronary events occurred in 37 of 691 patients with
fluoroscopic calcification, whereas
15 of 768 patients nega-
tive for calcification had similar events . The detection of
coronary artery calcium independently predicted at least one
coronary event end point, controlling for age, gender and alll
other risk factors . Three patients with calcification died of
cardiac causes . However, fluoroscopic calcium was not
associated with coronary death or silent myocardial infarc-
tion when considered as a separate end point because three
cardiac deaths and one nonfatal myocardial infarction oc-
curred in the patients without detectable calcium .
The importance of this study is that a simple, noninvasive
examination enhanced prognostic information for myocar-
dial events beyond the usual clinical risk factors . These
results are consistent with previous observations about
coronary artery calcium and prognosis in patients with
known coronary artery disease (6,7) . Margolis et al . (7)
reported that fluoroscopic coronary artery calcification pro-
vided potent prognostic power in patients undergoing coro-
nary angiography . In that study, a 5-year patient survival
rate of 58% was found in patients with calcification com-
pared with 87% in those without calcification . Other studies
have shown that calcification is a good method of noninva-
sively detecting asymptomatic angiographic coronary artery
disease . In a cohort of young, asymptomatic U .S. Air Force
aviators, Loecker et al, (8) found that fluoroscopic calcifica-
tion was associated with a sensitivity and specificity of 61%
and 86% for angiographic coronary artery disease, respec-
tively. Although most of the detectable disease in this study
was angiographically "mild" (<50% diameter stenosis), the
test performed as well as exercise treadmill testing and
planar thallium scintigraphy .
The present study is the most recent to show rekindled
interest in detecting coronary artery calcification as a non-
invasive marker for coronary atherosclerosis (9,10) . Calcium
deposition in the coronary arteries virtually always indicates
atherosclerosis because nonatheromatous coronary artery
calcification occurs very rarely, typically in Monckeberg's
sclerosis and Kawasaki disease (11,12) . Asymptomatic and,
frequently, nonobstructive coronary atherosclerosis may
thus be diagnosed by detecting calcification because athero-
sclerotic plaque typically enlarges the coronary artery before
lumen stenosis occurs (13,14). The obvious question con-
cerns the clinical value of detecting asymptomatic coronary
atherosclerosis .
Coronary calcium and detection of coronary artery disease .
Coronary atherosclerosis is the most common cause of death
in adult Americans today . The annual coronary event rate in
the asymptomatic general population ?40 years old is -1
(15). The ability to detect coronary artery disease in its
subclinical state has intuitive appeal because nonobstructive
lesions are a known cause of catastrophic clinical events,
including sudden death, myocardial infarction and unstable
angina (16-18) . Although the clinical value of disease detec-
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tion in a subclinical state seems obvious, it is unproved and
remains clouded by a number of issues .
In the asymptomatic general population the proportion of
subjects having coronary artery calcification may far exceed
the number who will have a clinical coronary event during
their lifetime
. The likelihood that asymptomatic coronary
atherosclerosis will cause morbidity or mortality is unknown
but could be quite low, as suggested by a high disease
prevalence yet low event incidence. Can subclinical coro-
nary atherosclerosis thus be considered a "benign" condi-
tion if clinical manifestations occur in only a small fraction of
diseased patients? The major problem with diagnosing sub-
clinical coronary disease is thus highlighted: Few affected
patients may suffer clinical problems from this condition .
The significance of subclinical disease detection is clearly
tempered by the observation that it is not presently possible
to determine which patient will develop clinical illness,
catastrophic as it may be . The "false positive" rate from
detecting calcification may be unacceptably high owing to
few clinical events in many patients testing positive for
coronary calcification .
CH" r*vam of coronary calcium . What clinically
relevant information can be inferred from noninvasive cal-
cium detection? The Detrano et al . (5) study suggests the
most likely use--to augment traditional risk stratification for
coronary events in asymptomatic patients . Other possibili-
ties must be studied further ;
1 . Do other aspects of calcification determination exist
(such as anatomic location, density or calcific volume) that
might distinguish patients who will have evet,ts from those
who will not? Can the type of event be predicted? When
asymptomatic patients with coronary atherosclerosis be-
come symptomatic, their first presentation is angina pectoris
in -70% of cases (19) . Can calcification detection predict
more dangerous events? The Detrano et al. (5) study sug-
gests that this may not be the case, finding a risk ratio of 1 .0
for cardiac death . This was countered, however, by a risk
ratio of 10 .0 (p = 0.02) for nonfatal myocardial infarction in
patients with calcification . Clearly, longer term follow-up
and larger numbers will clarify this issue .
2. Might quantitation of coronary calcification by tech-
nologies such as electron beam computed tomography (20)
estimate disease severity? At present, electron beam com-
puted' tomography appears to be only moderately useful in
this application (21-23) . Although it is true that a relation
exists between the volume of calcification in a plaque and the
corresponding lumen stenosis, there is great variability in
stenosis severity for both large and small calcific volumes
(24,25). Histologically proved total occlusions have been
found with no associated calcification . Conversely, small
plaques are sometimes heavily calcified .
3. Does calcification detection augment prognostication
already available by stress testing with or without nuclear
imaging in selected patient groups? Calcification detects
anatomic disease, whereas stress testing detects the physio-
logic consequences of flow-limiting lesions. Much has been
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written about prognostic information from stress testing
(26,27) . Does synergy exist between these methodologies, or
is prognostic information from calcium detection redundant?
4. Do small calcific deposits represent "early" coronary
atherosclerosis that will progress? Is progression inevitable
in all patients? Can calcification studies determine which
younger patients will progress over the long term to severe,
clinical coronary artery disease? Longitudinal studies will be
necessary to answer these questions .
5. Can the effects of risk factor modification be followed
up noninvasively by calcium determination (28)? Atheroscle-
rosis regression trials suggest that aggressive risk factor
management can reduce angiographic stenosis. These angio-
graphic end points are costly to obtain and expose patients to
small but finite risks. The availability of a noninvasive
measure of treatment efficacy would be of substantial clinical
benefit in following up therapeutic efficacy .
Because determination of angiographic disease severity
by calcification appears limited, prognostication and identi-
fication of clinical risk may be the "make-or-break" hurdle
for this test. Promise in this regard is suggested by the results
of the Detrano et al . (5) study but will require extension to
longer times and additional patient groups . Meanwhile .
restraint should be exercised in avoiding "screening"
asymptomatic patients for coronary calcification until more
knowledge is gained about how to interpret and act on test
results. The work of Detrano et al. suggests that additional
studies are indeed worthy of pursuit .
I acknowledge the help of Drs . John A . Rumberger, Patricia Peyser Moll and
Rachel Kaufmann for review and suggestions about the subject of this
editorial.
References
I . Gaston WR, Fred HL . Coronary artery calcification . Dis Chest 1968 ;54:
71-2 .
2 . Frink R, Achor R, Brown A, Kincaid 0, Brandenburg R . Significance of
calcification of the coronary arteries . Am J Cardiol 1970.26 :241-7 .
3 . Hamby RI, Tabrah F. Wisoff BG . Hartstein ML . Coronary artery
calcification
: clinical implications and angiographic correlates. Am Heart J
1974;87 :565-70.
4 . McGuire J. Schneider NJ, Chou TC. Clinical significance of coronary
artery calcification seen fluoroscopically with the image intensifier . Cir-
culation 1968 ;37:82-7.
5 . i)etrano RC, Wong ND, Tang W, et al . Prognostic significance of cardiac
cinefluoroscopy for coronary ealcific deposits in asympiomatic high risk
subjects. J Am Coll Cardiol 1994,24:354-8 .
6. Hudson NM, Walker 3K. The prognostic significance of coronary artery
calcification seen on fluoroscopy . Clin Radiol 1976;27:545-7 .
7. Margolis JR, Chen JT, Kong Y, Peter RH . Behar VS, Kisslo JA . The
diagnostic and prognostic significance of coronary artery calcification . A
report of 800 cases . Radiology 1980 ;137 :609-16.
8. Loecker '1 'H, Schwartz RS, Cotta Cue', Hickman JR Jr. Fluoroscopic
coronary artery calcification and associated coronary disease in asymp-
tomatic young men . J Am Coll Cardiol 1992 ;19:1167-72 .
9 . Uretsky BF, Rifkin RD, Shanna SC, Reddy PS . Value of fluoroscopy in
,he detection of coronary stenosis : influence of age, sex, and number of
vessels calcified on diagnostic efficacy . Am Heart J 1988 ;115 :323-33 .
JACC Vol
. 24, No . 2
August 1994-.359-61
10 . Hung J, Chaitinan BR, Lam J, et al
. A logistic regression analysis of
multiple noninvasive tests for the prediction of the presence and extent of
coronary artery disease in men . Am Heart J 1985 ;110 :460 -9.
IL Nakada T, Yonesaka S
. Sunagawa Y, et al. Coronary arterial
calcification
in Kawasaki disease
. Acta Paediair Jpn 1991 ;33 :443-9.
12 . Ina T, Shimazaki S, Akimato K, el a : . Coronary artery calcification in
Kawasaki disease . Pedlatr Radiol 1990 ;1.0:520-3.
13
. Glagov S, Weisenberg E, Zarins CK, Slankunavicius R, Koletlis GJ .
Compensatory enlargement of human atherosclerotic coronary arteries
.
N Engl J Mod 1987 ;316:1371-5 .
14 . Zarins CK, Welsenber; E, Kolettis G, Stankunavicius R, Glagov S .
Differential enlarg ement ~if artery segments in response to enlarging
atherosclerotic plaques, J Vase Surg 1988
-,7:386-94 .
15 . Devereux R, Alderman M
. Role of preclinical cardiovascular disease in
the evolution from risk factor exposure to development of morbid events .
Circulation 1993 -,88 Pt 1 :1444-55 .
16. Epstein S, Quyymi A . Bonow R
. Sudden cardiac death without warning .
Possible mechanisms and implications for screening asymptomatic pop-
ulations . N Engl J filed 1989;321 :320-4 .
17 . Little WC, Downes TR, Applegate RJ
. The underlying coronary lesion in
myocardial infarction
: implications for coronary angiography
. Clin Car-
diol 1991 ,.14 :868-74,
18 . Little WC, Constantinescu M, Applegate RJ, et al
. Can coronary angiog-
raphy predict the site of a subsequent myocardial infarction in patients
with mild-to-moderate coronary artery disease? Circulation 191114
;78:1157-
66.
19. Celia P. Aeromedical Disposition for Coronary Artery Disease
. AGARD
Lecture Series 189
. Lisbon: Advisory Group for Aerospace Research and
Development, 1993
:3-8 .
20. Agatston AS, Janowilz WR, Hildner FJ, Zusmer NR, Viamonte MJ,
SCHWARTZ
	
361
EDITORIAL COMMENT
Detrano R
. Quantification of coronary artery calcium using ultrafast
computed tomography . J Am Coll Cardiol 1990 ;15 :827-32 .
21 . Georgian D, Kennedy J, Brody A, et al
. Probability of multivessel
coronary artery disease in 531 patients based upon ultrafast CT (UFCT)
coronary calcification : a multicenter study [abstract], J Am Coll Card
1994;23 :179A .
22 . Stanford W, Thompson BH, Weiss R .M . Coronary artery calcification :
clinical significance and current methods of detection . AJR Am J Roent-
genol 1993;161 :1139-46 .
23 . Thompson B, Hasson R, Reiners T, Mahoney L, Lauer R, Stanford W .
Prevalence of coronary arterial calcification in healthy young asymptom-
atic male volunteers : prevalence of proximal vs. distal calcification
[abstract] . Circulation 1993
;88 Suppl 1
:1-638
.
24 . Rumberger 3, Schwartz R, Simons D, Edwards W, Speedy P, Fitzpatrick
L. Pathologic stenosis, coronary calcium and gender : ROC analysis of
clue: CT scans [abstract] . Circulation 1993-,88 Suppl 1 :1-638 .
25 . Simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF, Rum-
berger JA . Noninvasive definition of anatomic coronary artery disease by
ultrafast computed tomographic scanning : a pathologic com-
parison study. J Am Coll Cardiol 1992
;20:1118-26,
26 . Mark DB, Shaw L, Harrell FE Jr, et al . Prognostic value of a treadmill
exercise score in outpatients with suspected coronary artery disease .
N Engl J Med 199025149-53,
27. Miller T, Christian T, Taliercio C, Zinsmeister A, Gibbons R
. Severe
exercise-induced ischemia does not identify high risk patients with normal
left ventricular function and one- or two-vessel coronary artery disease .
J Am Coll Cardiol 1994 ;23 :219-24 .
28 . Janowitz WR, Agalston AS, Viamonte MJ. Comparison of serial quanti-
tative evaluation of calcified coronary artery plaque by ultrafast computed
tomography in persons with and without obstructive coronary artery
disease . Am J Cardiol 1991 ;68
:1-6 .
